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(57) QM&] 

I n £*triSttJI 5 InOttlW 

fecav»e«fl!)fiiiETf««»jhJi6«wj«f*. nfob 

JbH6£UTpfflAli Ga.-i N (O^Xgl) fc£ 

«ECJ:0ettJB5*>6 I nOlM|3jt*r6Ci«tav». 
AHwiSttJB* J:rfiSHtJ»oiSiIii*lI«r* d £*< 




1 

[#sf§»#©*BIB] 
t. 

[M*g3] iWB±**5yF*±K»J*3ft&*ir 
y:/«*3 5fc«*-fc. *^13:fclJ2fcB«©fc* 

[H*«4] WtB«ttS«Ali Ga, Im N (X 
+ Y + Z=llJ>O0SX-YSl, 0<Z^1) £.1:0 

»^^n-5. »*Bi3&>6 3o^rn*»K:ia«ofl:-&* 

[M&85] MCfSH&JhBttA 1 1 Gai-i N (0 

fg 1 Ofi«T?ttET«^ 9 y H«±K A 1 1 Gat In 
« N <X + Y+Z=l*O0SX • YS1, 0<Z^ 

i) cj:D«««n*JSttJi*»rt-r4JB2ox^y^ 
t, 

titiBJB i ©sa«T©» 2 <Dumr. i&mm&m±.\z a 

1, Ga.-! N (0£X£1) K*D«ll«iSn***R 

ibJi*»#-r*3ll3©*yy 

fWBfc**©«fi*tt. 

»lflDfiflnrttET*^5yH»J:lCAli Ga! In 
i N (X + Y+Z=l*O0£X • YS1, 0<Z£ 
1) CJ:D«j**n*iSttJiS»l«"r**2 0^x!y^ 

t, 

fflES! 1 ©fi«£U:©iB 2 ©S£T, MESttJiifc A 
1, Gai-i N (0SXS1) K±D«Haan«*58Ki 
±Jf£J&j£-r-5f§3©7.xy7i:. 
ttE£ 2 ©fi*K±©» 3 ©taST, IfiEaBBKUbJI ± 
fc±«*9y l«JiS#j*-r*»4 0Xyy7fc«**. 

»l©fiflrcll&ET**7y H*±fcAli Ga. In 
: N <X + Y+Z=l*O0£X • Y£l, 0<Z^ 
1) Kcfc0ft$SttSSttl£J^1"S®2©X5 L y7 

1 OfiSfcKff BUSSED #!B2f£ftg±tcA 1 



> ft&8¥8-2 9 3 6 4 3 

2 

, Gai-i N (OiXSl) K*D«ll«an«*56l»± 
«e»*-r5J83 0XT-y^ie»*.fc. 

[BW©fanfcBWM 

[0 0 0 1] 

[a«±o«ffl»»] £©««««£•¥*#«#** 

-r5t>©T*s. 

I [0 0 0 2] 

[ft*©8ffi] 01711 «*o*fi««T5»tTsriB» 
A 1 GaN/I nGaN/A 1 GaN*fls£**»*5B 

[0003] mzm^T^mftrnftrnTtevyrJ? 

(oooi)iKit. ^yy-ir (oooi) ££i 

± K JI!C«J1 5 tlfc G a N £ fctt A 1 N A' y 7 r ■ 2 , 
niGaN!3, nIAh Ga.-. N (O^Z^l) 

9 Gai-i N (OiYSl) SttJf (tfclMt^ 
«n«) 5, pSAh Ga.-! N (0SZS1) ±86 
* 7 y HH 7 *«tc;pSG a N*^ y 8 lei 9#lfiE 
*n*. SfcnS!GaNJi3fcttnS««l 0*». PS! 

[0 0 0 4] coiittfls^tt^WffSBt^ftt-RW 

ici±*«t^jsaffifi5css (aT tmocvdsj tv» 

5. ) Kit), glTOlSftRTMSSn*. 

[0 0 0 5] (1) 0 5 0X:\ZTV7T47 

m fi 1 ©*S#lS£fTfc 5 . 

10 (2) gfci&«£&5 1 OTCSTTtf. 8«©GaN 
$&ISA 1 N/\'y:7 7Ji2£j&B2-t£5. 

[0 0 0 6] (3) assasio2 0t:ST?±tf, 

nSGaNI3^SSt5. 
(4) HMECT. nIAlGaNT*i'7!'l'i4 

[0 0 0 7] (5) *Kfi*6»8 0 0TCKTtf. / 
>H-yinGaNSgSi (SfcBZnK-^Jt 
g) 5S-*51 0 0~5 0 0A©ff$tC^S$"&5o 
[0 0 0 8] (6) SS®a**51 0 2 0tfc±tf 
40 T, pSAl GaN±fiB*yy FJI 7 

[0 0 0 9] (7) Wl:tpIGaN+t7^1 

(8) ly^>y«tf»-3fc*. P S«S9i5«k^n 

ami oomsts. 

[0 0 10] K±lC^fcIgltfeV>T. I nS-^tJffi 

tti5Sfi£fi$-a--5t€©iaas*?j8 o o^t-r^© 

», In<D*3U£liIk«ttWV»fc». lOOOICBU© 

SfcAlGaN*yyPH©*ft«**10 20 
50 titSOttAlGaN^JvKBttl 0 0 OlCfiU:© 



3 

[0 0 11] ^©feJbtii^LfcXS (4) ~ (6) [Sir 
[0 0 12] 

Tcfe*Oto$®*m#<D$mmz\t. plAlGaN 
KJg7£j£fi2-tt£fc«>a«mffi£*?Jl 0 2 

or*T±if^t#ic. -e©iw©igT-f£6nfci n& 

^tlffitt® 08*JB) 5*6 1 nfiDaOI««4i;*a:^3 
mJBA«<ft sit. In ©jS*S*£ D * Z. 1 14. SttJl 5 

SroSSiP^ I n©fiAtt«Mfl1-«£&#*B*iC&:«&: 

[0 0 13] CCD5BWtt±EiaWWift«ft-r*fc*l=a: 

XI n©ffiSB£ffi;fjflJ;L, ftoffltPttlcflHifcliAAfi 
fcpJffitU *&ft*©l nftatNSttJB*J:tfA*© 

ettjp©ji«ffr«fc£*¥»fc9^*^ftf^*-* 

[0 0 14] 

[SIS&«?ft-r^fc»©^S] l lcE«©ffc£«5 
5* HSt, T«*5 v FJf -hlc^Stlfc I n£^tf 

«tt»±K»«anfc«i»»±jBt. mm 

JkJB±C»rt*nfc±«ir9y FH t £^trfc©Ti& 
•5. 

[0 0 15] R&B2 CEttOfc&ft^ttftffle*? 

£3 6lCft;U u c ; i>©Tifc5. 

[0 0 16] M&B3 CEtt©fc£tt4**fta3fe*? 

*>\zmz.tzwz&z. 

[0 0 17] M&M KEft©fc£tt¥Wttft%*? 
(4. ff*g 1 * 6 3 0^rn*»fcB«©fc£«iMMW& 
tflfi^Ti&^X. SttJBttAli Ga, In.N(X + 
Y+Z=1j8»:30SX • YS1, 0<Z£1) C£9tt 

^snst)©Ta&s. 

[0 0 18] ft** 5 KE*©^*******^ 

tt. n«a i*6 4 ©v»rn*»KE*©fl:^«*«#* 

3t*^1?*-3T, ftSU&ikffttAli Gai-i N (OS 
XSl) ICkOWjfcSEn-BfcO-C**. 
[0 0 19] ftsras^EttOft^M******?© 
SJiS^fete. T«^5yHBft»*-r*Jlll©^yy^ 
i. *l©iftircTtt*?vFJB±fc:Ali Ga, In 
i N (X + Y+Z= Ij&OOSX • YS 1, 0<ZS 



(3) ftgB¥8-2 9 3 64 3 

4 

1) fc*0«raan*«ttJBfc»J*T*»2©Xx?:/ 
<fc. »l©aflEKT©SB2©fl«T«ffiB±CAli G 
ai-i N (0SXS1) K±D«**n***BfFJhJift 
»«T*« 3 ©Xx-y &{t^.fct)©T*S. 
[0 0 2 0] «f*JH7eE«©ft-&« i f i J»*JI** : ? 1 © 

t, »l©fi«TrF«i'7yHS±KAli Ga, In 
: N (X + Y+Z= lAOO^X • YS 1, 0<ZS 

i) icj;ottaan*«HMs»«-r*82©*xy:/ 
io t, si ©fi«et±©as 2 ©agr. m&m±izA 1, 

Ga,.< N (0SXS1) C£D«lrt;*ns*&ttJhJI 
*»dc-r*JB3©Xy-y^t. *2©fiflE£U:©»3© 

©x'T-yyitWAfcfeOT**. 
[0 0 2 1] ftjRBSKEfcOfc^MWWBfc*?© 

i. SBl©a«TiHET»i'7y HJB±fcAli Ga, 
I m N (X + Y+Z=l*v30£X • YS1, 0<Z 
SI) K± 0 *j*Stt«ffittl 2 ©Xy-y 

a> ^t, ttEgio&K&BftHC&ir?. wia«tt^± 

ICAl. Ga,-« N (0£X£1) \Z&r)mi£2tlZ>m 
*Hr±)Bft»jafr**3©X?y^t*<iAfc , b©-C* 

«. 

[0 0 2 2] 

[fftfl] tt&B 1*65 ©Hi* tl* tCfe«©ft£«5¥$ 

^fR**?^. m&®±\zm%m±m*mz.z>. com 
fc£UTt»&iSttJB+© i n©i««sn5. 

[0 0 2 3] «*fl|6(CE«©ft'&«*»#aBI£3lff© 
50 ttfcfrtSTtt. SBl©^T-y^ir«fcDT«^9yF«l*« 
Jg/SSn*. &2©X5"y7i::J:t>. SlOfiflETrFW 
KJB±fcAli Ga, In: N (X + Y+Z=l 

^osx-ysi, o<zsi) ictoffij^snsffi 

«£ITF©» 2 Ofiar«SttJB±fcAli Gai-i N (0 

[0 0 2 4] ft*«ricB*©fc^¥**»«*f© 

SSjS*ftT«. JSl©X?y^K:*t»TT»i'9yHJB 
«*»jfKSn*. JB2©^xy^lc*V»TTB5'9yl t Ji 
40 ±ICA1i Ga, In: N (X + Y+Z= IriOOSX 
•YS1. 0<ZS1> l=£Dtt£;*n£Sttff]ro»Jft 
Sns. JBSOXyy^K^T. fclOfiJEEU:©* 
2©fifln?attJB±CAli Ga,-. N (0SXS1) 

y^fciWT, S2©SSK±©®3©MST^%gfr± 

[0 0 2 5] H*a8ICE«©fc£tt¥*#«Be**© 

KiS#&Xti, SSlWX^s/^lCfc^XTffi^y FS 
*»»*an«. ®2©X5 i -y^'fC*ViTSl©Sffit?T 
50 «?9yHl±tAli Ga, In, N (X + Y+Z = 



(4) 

5 

iaoo£x«Y£i. o<z^n ic^o Allans 
SttJia«»*ana. sg3©xxy7K:fc^T. jsi© 

fi«tS«BU»ft-CiSttl±ICAli Gai-i N (0 
[0 0 2 6] 

*«*Jiwt:sfc#*©«». ffifflw 

»ft£*TB©t>©fclBJ^* , fe©T?tt»v>. 
tttflMIMiolBHi'J t*wi* ©£H£Jn*.5 n ttf 

[0 0 2 7] (ffif 1 ©**«) » 1 ©SHAWM-? 7 
47 (0 0 0 1) ctfflj&**KfcbTfl.^&n, MOCV 

tfXlgiLThU^l^U'^ (TMG) . HJ*? 
jVy^S-^A (TMA) iitfhU^fM^W 

(tmi) jwi^&n. vmHT.ut^xyy^-T 

(NHs ) jWiit»&ft. nShM^Miltt/y 
7> (S IH< ) *«. p^K-/1>higi:LT(fX->^ 
D^>^S>I=^^J")A (Cp 2 Mg) *tft*JB 

[0 0 2 8] SI B**WO* 1 ©3ttt«fc*tt**» 

[0 0 2 9] H*#HbT*^WK*»** i MMi K l'- 
If^^-Ftt. -y-^yfTWRli. *77<7 (0 
0 0 1) ciB«Rl±KIBK»lS3nfc, GaNSfctt 
AlNAv77l2, nlGaN|3, nSAlo.t G 

yino. 2 Gao.s NSttl <Sfctt5B#JIi i bV»3) 
5. IlplAlo.. s Gao. ls NW±16, PlA 
lo.i Gao.i N±»f5yHJ17. pfiGaN+tf 
7Ji 8 K J: OHUSan*. SfcnfflGaNli3C«n!l 
«Sl0tf. pSGaN*ti»^i8l:Bpaii9*« 

[0 0 3 0] H©*»#©«Jittl63J«. 01 7lC^Stl 
*^©¥»#©8Uitttti*&*j8tfi. *8ttikJI6 
fttfittJI 5 £±gK?7«y F17 fc©IWKRW6nTV»* 

[0031] ^UTHicssa natural'— tfBKT 

(1) MOCVDSIftl^r-fTMl^A 

u **«h. +-c»»&*!ji o 5 oictMU £ 

[0 0 3 2] (2) »«iaS^W5 0 0'C*-T?Tlf. 
GaN*fcttA lN/ty77Ji2SJ«fiStt«. £©£ 
*;Xy7rJi 2©«PBGaNT?*n«2 5 OA. Al 

N-c&n«5 0 OAT**. 

[0 0 3 3] (3) S«ffl«£ftl 0 2 0TC*T± 
If. nHGaNg3S:iKl4/imeS©JPSt'^fia"* 

[0 0 3 4] (4) HDgfci&gTnSAlo., Ga 



ft§l¥8-2 9 3 6 4 3 
0.9 NT«^5v HJi4Sttl/im©WSK:«ft«* 

£©t#©£«©f(t*ttiH«H4K:>wr. 

[0 0 3 5] (5) sssMsasooicfcTtfT, 
J>Y-7 (non-doped ) SfcttS i no. a G 

ao.a NSttB (SfctS^TtH) fctt2 0 0A©R*T? 
jfcSStt*. ;i©£€©g«©*IUItti&£l2l5lc^-r. 
[0 0 3 6] (6) «Sl«6>'>H-^*fcttSi 
Ga,., NfitttB ($£«%#») BfcB 

taflEKTfcTtfr. j««a««5 o o~8 0 ox:\zxm 

IpfflA lo..sGao...N3ll«RlkB6**Sa**. 

[0 0 3 7] (7) S«ilfg£ftl 0 2 0TCST± 
If, pSAlo.i Ga,., N±$?7y F@7*8ll 
m©JiJrw*«att*. 
[0 0 3 8] (8) #ICRi&8iCTpSliffiGaN* 
ry^)i8e»l/im©JPaKjSfia**. £©£^© 
S«©«»«a8^H 7 . 
[0 0 3 9] *JipI!Alo..5Ga..i.N*BKiJkR6 

», g«ta££ifti o 2 ot:£-C-htfsiwtc&»i8l£fc 

5. 

[0 0 4 0] «±©J:3fcWBanfci>xAfcli»JMS 

So jMtr^-U^KAD. »lplAlo.o S Ga.., s 
N*38WJh»6, pfflAl... Ga,., N±«??yH 
Jp7££<t:tf pMA 1 N**"y7JI8tME«l*pifi*fc 

Sft-TSo 

[0 0 4 1] *fc«Stt»t*fr&5fc»fc. *xA©- 
«»nSGaNJi3i8««m'r«*trXy?>yan*. 

^-©^P^mffi9*3<tr;nss®i oa*-tn*n»«3 

50 n*. K-h©Xg&«T0 1 lC*an5 A IGaN/I 
nGaN/Al GaN***#V-tf^*-HBttfi 

an*. 

[0 0 4 2] 02«SlOfi#U-Wt-l < OT 

ic*jt-5is*©i«ft»*^ n ? r ^ fl'S^rac**. 

[0 043] IOi5 CJ^IWC*^*^**** 
ft£#?Ttt«ttJI 5 ojgftR, fij&H 5 ©fiScftitim 

T©fi«-c^i&±e6*«sn. *©&*«©£» 

1 0 2 0'CfcT±«*?vl«H7*«*riESn*. *©fc 
40 feSttH 5 *lca*n« I n©«l*»ftf *C tttHf± 
an. tnCJ;DAK©i n*^t«SttJB*J:^AK© 
gttB©*iH«rr*fc^ J MWt^*^**ft'*"* 
nt^lBtftO. *o*©WfiX8fc*v»"CttlBfPtt 
fcfcnfcfBftfcSJ&flffRifc*. 

[0 0 4 4] H8»4**««©«»«T?**«*^* 
-K©SiC»r®ia-C*S. a8S#^UT^yi'^- 

f \m i t*a n****^— 1* 0 • 

-370- 



[0045] m 2 rasijsM) m 9 \t*ftwnm 2 ©si 

[0 0 4 6] *SI&MK:fctt£ft£&¥^%}fcJ8^© 

1 £<ttfia 8 ic^snssg 1 ©^jswtH 

-TSSOt!. HHTTOlMUfcitfiafc^. Sg2©§gi5tS 
^tfg&@©jfcgilgSU::^±gl5*5y h*Jg©f£fii& 

[0 0 4 7] §l2 0^0yiC:fc^T«£Ji©f£filCBMO 
CVDffi*tffl^f,tl. Sfitbtf77'f7 (0 0 0 
1) cW«fflV>^5. I I&tfXiStLTHJ 

^^Vfl'J^A (TMG) . V')^)V7)VS.-^h, 

(TMA) *J:tf MJ*yJM>3»7A (TMI) Am 
t^n, V^^Xi®tUT7> ; Er:7 (NH 3 ) ffM^ 
Sfcn^H-^>higtbT ; &/>'7> (S i 
Hi ) pfflH-^>hB4LTtrX3/j'D^>^5; 
I=*V1T* J /9A (Cp 2 Mg) +t'J7^t 

-5. 

[0 0 4 8] (1) MOCVD^S^lC-y-^yfTS 
SStAl. g«£H 2 ■f?2£&&»i 0 5 owm 
S«©3M3£fTfc5. 

[0049] (2) sfitaa*$«j5 0 ors-pTtf. 

GaN£fcteA 1 NA'«^7 7»SJg^-r5. £©.!:£© 
A*<y7rSO®ff«GaNTa&n»S2 5 OA, A 1 NT 
fcntf 5 0 0AT355. 

[0 0 5 0] (3) Sfiifigfcfal 0 2 0*C*T±tf 
T. n£GaNjB&to4/ii»Sd^3'&.&. 

[0 0 5 1] (4) B^SSiSSTiiSAlo.. Ga 
0.9 NTa8i^s/b*Jg4£mym»£g£ti-a. 

[0 0 5 2] (5) S«i&g£fcj8 0 0"CKTtf. 7 
>K-7°£fc«S 1 F-7*I n o.jGao.s NSttli 
t&ytmi tb^o. ) £*<J2 0 OAOISJIT 

[0 0 5 3] (6) ^fiia^S/^H-T'SfcttS i 
F-^Ino.2 Ga... Nffi£)g©tfcfiil&£Ua^ p 
lAlo.i Gao.9 N±gB^7-y h-®©J5EfiiaS£tTt? 
aba. fa9 0 0'Ci::T»!pfflAlo.o5Ga<,. 95 Nj8S£ 

[0 0 5 4] (7) a«fiS£ftl 0 2 0*C*T± 
tf. pfflAlo., Gao.9 N±ft*7y KB£*91 Mm 

[0 0 5 5] (8) pSflffiGaN + i'S/T'Jlfciftl 
ItmUfSti. ilplAlo.. s Ga>.HNj!!E» 
»«. S«ia£*ifcl 0 2 otaj-cktfsWCftHIBi: 

[0 0 5 6] %&<D!8.&&Vx/\\Z\m7--i) 



[0 0 5 7] et±ici£^«k^ic**ifi«fi|Tfii nft^ 
y F@©f£fim£&TT&&l»±ll£J&jrr*&». I 

[0 0 5 8] (&3<D&Mm) *3©3)0M(|C*V»TJI 
B 8 KSSn** 1 ©#M«fc*tt*fc£***fMBfc 

[0 0 5 9] 01 0tt*38IHO»3O*lfi«K*»*fc 
^*¥3HWS#* : p©T**5'y KB*&±«*?y H 

[0 0 6 0] ***Wfci3.t*fc^¥*#«** ; P© 
KSlSIl *»Rjk»OdciHa*ft I n*£triSttJB 

2) [0 0 6 1] **JS«C*V>Tft'&«¥i»#«3t«?0 

«jS3&isfefc»a:MocvDa*tfflv»6n«. *fca«tu 

7 (0 0 0 1) cSA'fflV^tl, III** 
xmtL-ZbV **frXVQ& (TMG) , 
7)IS=-V1* (TMA) *5<fctf H-M^-Ov^A 
(TMI) jWH^Sft. VK*7.zStbT7> ; &-7 
(NHj ) jWUHSn. nSK-^>HiLTt/i' 
(SiH ( ) pfflF-/t>MRfcLTfcrX5'f 
p/O^yl-Jl^T^^A (Cpi Mg) a*. 

'j7^ti/THa sWfln&na. ^©wfiinssBiT 

50 CRIIH-5. 

[0 0 6 2] (1) MOCVDgBrttC-9"7r-f 7« 
«i&«AL. S«*H 2 it>-CS4SSft» 1 0 5 OrTJH 
»U SK©affiffia&frtt9. 

[0 0 6 3] (2) &&miZ®5 0 01C*T!T*f. 
GaNS&liA 1 N/ty 7 r C©t# 
©Ay7rJiO)BJPttGaNT?*ntt2 5 OA. A 1 N 
-t?afetl«5 0 0A-C&-5o 

[0 0 6 4] (3) SfiS«S«51 0 2 Ot$T± 
If, nfflGaNJl£!|Sj4j£mg&j£ft;£ti-5. 
40 [0 0 6 5] (4) HClfilirCnlAlM Ga 

[0 0 6 6] (5) S«i&££ffj8 0 OriCTtfTy 
>H-7**&ttS I 7*1 no.iGao.i Nfg&Jlfc 

*tj 2 o o A©«re«fi3tf *. 

[0 0 6 7] (6) 7>K-7 , *fcttS I P-7*I n 
0.2 Ga... NfiHjMOAfi&ft&BtfHUAfi&afi: 
T, »JipI!Al..oiGa..t.N3ll«Kr±Jift*fi** 

5. 

[0 0 6 8] (7) SSIfS*»1 0 2 0t$-C± 
50 tf. p&Ah.i Gao.9 N±«*5y FJPSI91 <*m 



(6) 

9 

[0 0 6 9] (8) pSGaN+t'V^I^lfi 11 
fSSS-frS. ilpiAlo. (! Gao.. s Nl%K±I 
«. g«i&S£#51 0 2 0"C*-T?±lfSMfcAIM£& 
5. 

[0 0 7 0] *fctt&3n&tf xAtt»7=-'J 

gfty^-Fftt'w^tsns. cnsroigteis 

1 ©$)fiffl fcSttWS fc H-T * * ©T £ E T? ©R9J *» 
[0 0 7 1] (SS4©***© 0 1 1 tt*»WO»4© 

[0 0 7 2] 0S#lbT**JS^lCi5^ft^*» 
flcRXX^tt. SlSntnltllO, niGaAs 
J&fKll. nilGaAs/^77112, nSAlo.a 
Gao. 2 AsT«f9yF»13. SttB20. pf 
(MgF— 70 Alo.a Gao.2 A s ±fB? 5y FH 1 
7. tBSS18, pSGaAs*Yy7011 9*3<£tfP 

LTB^/>l ! -yGaAsll4, y>F-7"In 
..,.Gao.i.A8»f**P#FiStt«l 5*±r;/> 
F-7*G a A s jUfSBfrltl 1 6 ©JHfc«ian&fc£» 

[0 0 7 3] SttJijEflf©X^*W' , Wl'*Hl 2tas 
m©'J yVWM&ifi»l&ZtVT»*. 

[0074] *-gmm\zmz>ik£®i*&#%ft%?te 

«tUTGaAs«»fflV»6n. I I 1 iS^XiltbTh 
•J ^^l/tf'J^A (TMG) » hU^^T^SX-^A 
(TMA) fcittHJ^JW^SA (TM I ) i>m 
H6n. VDiJtf^StbTTJUS/^ (As Ha ) *»ffltr> 
6n. nffll*-/t>MKibTSe*», p£!F-A->F 
Itl/TMgfiitfZn*. **'J7#XibTH 2 *» 

[0 0 7 5] (1) MOCVDgfifiEnI (10 
0) GaAB«Sllt»XU«Sl*S»8O0t 40 
S-C±»fGaAs;ty7rJB12SjSft«-tt«. GaA 
s M7 7rI©l)IB0. 5wmTS5. 

[0 0 7 6] (2) RfigirCnSlAlo.i Gao.i 
AsT«^5yHlil 3SHJPiBl. 4 MmlCj£ft3-a- 
5. 

[0 0 7 7] (3) 7>H-7'SGa A sBl 4£*«J 
1 0 0Afi£fi£tt£. 

(4) |fe«fi«*»6 3 01CCT»fr/>H-7 f I n 
,.,iGao.nAst>r**P#FStt«l 1 0 

A©liJ*-WJsftStt*. 50 
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[0 0 7 8] (5) />F-7 r SGaAss&32BSltJf 

i 6 *® i o o Aowp-ctfsait*. &*«6«KFJfc* 

©(Kftfc^ttftSISOfiflEttH 1 3#6H1 5fcw3ft 

**WC»*. -T^t>^01 3 E$SV»Ttt**KFJfc*tt 
»-r**7-#FSttiBO**fi*T?** 6 3 CCfc 0 % 
fiV>ft5 5 01CKT»J«an6. tftHHCfiVsTB 

6 3 0T:eU:#"3±«*9s' PJSffl*ftfiflre**»8 
0 0'C6(T»®S-C*Siji57 0 0tf^t5^t*« 
■C**. SfcH 1 5 K:fe^TW:3ll!fil»±)ltt»"i***F 
#FJgttJP©jS*fi*fcK£HCfi*Tr**tt6 3 01C 

[0 0 7 9] (6) pS (Mg F— 70 Alo.s Ga 
0.2 As±W5'^H 7fc»l. 4/imOSJP-C^c 

[0 0 8 0] (7) pi (ZnH-7) GaAs+V 

•y zfm 1 9 1 m m<oi jre/fog^s. 
[0081] euoiesefc^xAcau 

fttBWBH&tt. 01 lK*sn*IB3 wmffl'Jvi'* 
a KB p S*«fc n S«W#J«att* : Ffc* , fT&*>*l 
[0 0 8 2] OB 5 ©£M0l> « 5 ©aSSHfctWT* 

b 8 ic^snssg i osMtWKfeW-'aft^******* 

»KiJlJS»*t4MiLTAl,.4 Gao.s NSffl 

a*. 

[0 0 8 3] ^fcfcWfcfctt*^****'***^® 
. JBfiEttMOCVDS&Wfi^&tl. *StLT-9-7 7^ 

7 (oooi) cffitffflv^ns. sfci i iM^l 

ibThlM^MVtf'JtfA (TMG) , FU^VTJV 
3X?A (TMA) feittHJ^W^v^A (TM 
' I) **JBV»6tU vmtiZM£LTT>*=-7 (N 
H 3 ) ««J|l>Sn«. SfcnffiF-/1>MRiUTty 
->7> (SiH, ) P l!F-A->hiitbTt7x-> 
^D^>^vXX;WT^v"7A (Cpj Mg) *«. * 

[0 0 8 4] *bT**ll«fc*tt*fc£*MW*»* 
*?!4KT©XiBftttT»iaESn*. 
[0 0 8 5] (1) MOCVD««rtC*77-f7* 

sssxu ssaxtH, «tnr»RSi*»i o s o-c 
i [0086] (2) wsiiflESttsoo'care-FtfG 
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(7) 
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aNSfcteA 1 NA'^77lS)i!Eg^t5. d©i£A' 
7 7 7lOiiHGaNTJ&n«2 5 0A, A 1 NT?$> 
n«5 0 0AT3&-5. 

[0 0 8 7] (3) SSSa&S?1 0 2 0"CS-C±^ 
TnIGaN@$IS^4(imSMSSt5. 

[0 0 8 8] (4) IDISWenSAl... Ga 

[0 0 8 9] (5) StgfiS&*58 0 ot:icTtfT/ 
>H-73;fc«S 1 n».:Gao.. NSttM 

) £HJ?&2 0 0A-?1&B2 

■a--5<, 

[0 0 9 0] (6) Gao.i NJRff 

KltJI ft*5£©<h#©S«S£»;i«J6 0 

0-0*^*59 o ot©raTffigcicg#ojtg-efc.5. tzt 
^.«*56 o one, D80 0t, SS9 o cc^^s^-rs 

[0 0 9 1] (7) S«fifi£«?Tl 0 2 01C*T± 
tf, pIAlo., Ga.., N±®?yy b*Jg£/f /Sift 1 

[0 0 9 2] (8) / pIGaN+f^lSiMl 
/zmWJ^SIC^S-B-i. ffJRpSAlo.4 Gao.« N 
XHBKrihJiH:. Stt&ft&ll&l 0 2 0t*T±*f*nilE 

[0 0 9 3] JB*iao»J«*nfc">x/Nfctt*&7 0 0t 

>$ffcJ:D«BpfflA1..4 Gao.« NXHSKiJhJI. p 
SAli.i Gao.9 N±«*?y FH£<fctf pSG a N 

[0 0 9 4] *fcnffl©«ttft»rirt-afc»C. nlG 
aNJB«*«m-r**T?Xy^>jrjJtff«:ton. I?f> 

[0 0 9 5] ft£3MM©IMI!'f'||ft©tf£lCMOCV 
Dfli«ffll>*:ttlft*l. ^fi^St l/TMBES 

**. Sfc»lMI*©«BrtlC*V»T«yt1*m. 

[0 0 9 6] £&££l*&£3£J:Cm5a«]fefflC 
*l»T»RtlyT-9-7r-f7 (0 0 0 1) cffi£ffl^5 
Z\££Lft&, MiLTSiC, MgO. ZnOife 
ttMgAla 0< fc££fflV><5£i:a«T#-5. 

[0 0 9 7] *6fc/Xy7yHtl/Tffllf»6n-5«mtt 

-fu^Ai, Ga... n (o<x<d Kzvmnzm 

[0 0 9 8] a&fcSttJfttfc^SCA li Ga. I m 
N (X + Yf Z= liOO^X • Y^l, 0<Z£1) 

[0 0 9 9] S6KT«ir5y HiiLTnIA 1: G 
a.-z N (0SZS1) fcJ:D«j*an**»fcflIV»S 
HtjGiWefcD. ±»*7vHlil/TpiAli G 



i.2 



ai-i N (0SZS1) K±0SUS*n**H*fflV>* 

[0 10 0] 3Sfc»4 03jmWfc*tt*/>F--7a! 
GaAsIH *#!^r-5«Jgt > H-7*A 1 1 

Gni-i As <o£xs;i) cj:o*«an**ii*ie 

ffi"r*Ht*fC*. ;>F-^Ini.iiGai.i.AsO 
In, Ga,-, As (0<y£l) *m»&Z.£imte 
70 plAli Ga.-i As (O^X^l) K<fc98lj£3*l 
[0 10 1] 

[S8?fl©8>S] 1 *>S 5 ©V»rftjJ»fce*©fc£ 

[0102] ffiXm 6frZ8 OVi-f *l*»CB«Oft** 

-a i n dt*»-c**eDir, mm&\z 

[HffiroflPifcM 

[01] ^jfiwo-saswe^rt****!^— »f^-f* 

-F©«SWrEHTr*S. 

[0 2] *%w<D%i<DnmM\zmzititmm#& 

3t*?©J«*B*7*n 7 y -T JUfcjRTHT**. 
[H 3 ] fc£^¥ig#5£ftl&?©©iilg£*-rsg 1 © 

[04] fls^4fc*«#5Btt*fO§B6XSft*-r*2© 

[0 5] fl:^**««:«** ; fCD«ifiXSft* , m3© 

[0 6] fc£*¥^Btt^©tttXSfcjRTJB4© 

0T£S. 

[0 7] fc£fc¥#*»e*?©«6Xgft*"r» 5 © 

0T*-5. 

[08] ^awo-afcflcfcftsraw^-F©* 

[0 9] *»H©iB2©»WC*tt*fc£*r¥*WMH 

[010] #5&9J©Jg 3 ©H«0iJlr*5lt2.ft^*«»: 

»e«?©*iaa«7'n7r-f^sw-rHT?**. 

[011] *58iH©*4©3iafi«|fc*W-**3»fltl/— !f 

[012] 01 nc**t«ettB2c»©x*^p^ 
[013] 01 i©u— sr*^*- F&aifir«iia£ 

50 *Ct5fiS7*D77'f;l/S^-rSl©0T*2). 
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[014] 01 \(DV— tW*- F«WS**iI8e 
*>tf%M&'7tl7 7 4 )V*7T(t% 2 ©0T&£. 

[his] 01 lov-ify-rsj— FMBS-raaac 
[0i6] mt^it^^m^ytm^ma&xmzis 

it «SS^n 7 7 -f ;VS^-r0T$>5. 
[017] ^©ft^¥«fl^if?o«SWfIiiHT? 

[flF^©M 

1 ^77^7 (0 0 0 1) WSL 

2 GaN*fc«AlN/Xy7rJi 

3 nSGaNl 

4 nSAli Gai-2 N (0£Z£1) T«f5yH 
» 

5 non-doped*fc»S i H-yint Ga 
i-i N <0<Y£1) SttS (£fcl±£#S) 

6 ilplA li Gai-i N (0^1) KBttJk 

1 

7 pSAli Gai-i N (O^Zil) 

[01] 
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8 pIGaN+t^T'l 

9 p£«ffi 

1 0 nlli 

1 1 nIGaAsXS 

12 nSGaAsAy7rB 

13 nlAh Ga.-z As (O^Z^ 1) TBS?? 

14 7>H-yAh Gan As (O^X^l) § 
10 15 y>F-7l m Gai-v As (0<YS1) » 

16 plAli Gai-i As (0SXS1) SXBi 



1 7 plA li Ga 

is mmm 

19 pMGaAs+t'^i 

2 0 SttJI 



As (03ZS1) ±se^7 




[06] [07] 




(9) 
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nondopetMIGoAjl U Noridoped-AIGnAa* 



undooed-llGflAs 
ttfcJI 



A 



unaspni'inuwu 



-rr^-T / *Iundop«lWSaA. 



15] 



»eoo»c— — n 

ftqo'c / 1 ri 
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[016] 

undoped-lnSaN 



ftBOVC 

girth 



few 
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